We developed an extreme ultraviolet polarimeter, which employs laser-generated high-order harmonics as the light source. Reflection scans made with this instrument show agreement over three orders of magnitude with data obtained at the Advanced Light Source.
Introduction
The extreme ultraviolet (EUV) wavelength range (i.e., 1 nm to 100 nm) is important to photolithography, spacebased astronomy, and microscopy. However, nearly all materials are highly absorbing in the EUV, making it difficult to produce optical elements for manipulating this light. Transmissive optics are virtually precluded, and reflective optics typically require multilayer coatings to obtain substantial reflectivities. The indices of refraction of coating materials must be well characterized to design such multilayers. However, the optical properties of many materials are unknown or incomplete.
Laser-generated high harmonics provide an excellent source of polarized, directional EUV light. We have developed an EUV polarimeter using available high harmonics at Brigham Young University. The harmonics form a frequency comb throughout the EUV, in our case ranging from 8 nm to 62 nm. An advantage of high harmonics is their preservation of the generating laser's linear polarization [1] . Thus, the polarization of high harmonic EUV light can be easily rotated by placing a half-wave plate in the generating laser beam. In this way we can make polarization-sensitive reflectance measurements at multiple incident angles, something not previously routinely available in the EUV. Distinct measurements of s-and p-polarized reflectivities can better pin down optical constants.
Our instrument measures reflectance from samples as a function of incident angle, light polarization orientation, and wavelength. The results agree well with measurements taken at the Advanced Light Source [2] in Berkeley, California (Beamline 6.3.2).
Description of Polarimeter and Procedures
A schematic of the polarimeter is shown in Fig. 1 . The positioning system is made up of six motors, each controlled by a single computer. A grating separates the harmonics for detection, after they have all reflected from the sample with the same incident angle. The alignment of the positioning system is such that a particular harmonic can be directed repeatedly onto a point on the microchannel plate detector to within 0.3 mm. Software is used to 'line the harmonics up,' for the spectra recorded for different incident angles. The spectral resolution of the instrument is In order to increase the dynamic range of our microchannel plate detector, we implemented a secondary gas cell, placed in the path of the harmonics before detection. The gas pressure can be increased or decreased to attenuate harmonic signal in a controlled way. In this way, we are able to reduce the relatively large signal at grazing incidence so that it can be detected on a scale similar to that measured at near-normal reflection. Thus, we are able to measure reflectance at a wide range of angles without changing the detector sensitivity. The absorption coefficients of the gas in the secondary cell can be used to determine the initial signal.
To determine the wavelength of each harmonic, we placed a 0.2 μm aluminum filter on a solenoid so that it can be moved into and out of the beam while under vacuum. This filter absorbs harmonic orders 49 and higher, but transmits harmonic orders 47 and lower. Once we have determined the 47 th order, we simply count to find the rest of the harmonic orders.
The stability of our harmonic source is vital for performing accurate polarimetry measurements. For each angle position and polarization, we average ~100 laser shots (10 seconds). Laser fluctuations were such that each measurement was only repeatable to 7%. We implemented shot-by-shot discrimination of the laser energy which improved repeatability to about 2%.
Reflectance Measurements
We took reflectance measurements from a thermally oxidized silicon wafer with a silica layer of 27.4 nm both with this polarimeter and at the Advanced Light Source Beamline 6.3.2. The two data sets match well, as seen from a typical angle scan in Fig. 2 . One unique characteristic of the polarimeter is the ability to easily rotate the polarization of the EUV light between s-and p-polarizations. In contrast, Beamline 6.3.2 at the Advanced Light Source has fixed polarization with 90% s-and 10% p-polarized light. Our instrument is well suited to measure accurately the ratio of s-and ppolarized reflectances in addition to the absolute reflectance. This ratio may be used to determine material properties in the EUV, even if there remains some uncertainty in the absolute reflectance. This work is supported by NSF Grant PHY-0457316.
